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ABSTRACT 
 
A field experiment was conducted in Mershing village, 85 km north of Nyala, for 
two consecutive seasons (2000 and 2001) to investigate the effect of the shape of micro-
catchment’s water-harvesting method on sorghum growth, yield and water use efficiency. 
The soil of the experimental site is sandy loam over clay loam derived from an 
undifferentiated basement complex and classified as Rhodic/ Aridic Paleustalf. The 
treatments consisted of three types of micro-catchments; namely, C-, V- and L-shaped 
and the natural land as control (N). Each treatment was replicated four times in a 
randomized complete block design. The results of the two seasons consistently showed 
that the C-shaped micro-catchment was the most effective in water harvesting, soil water 
conservation and crop growth and production. The second season had favorable amount 
(378.5 mm) and distribution of rainfall, and hence it resulted in better growth and yield of 
sorghum. In this season, the mean dry fodder yield was 2.933, 1.904, 1.511 and 1.004 
ton/ha for the C, V, N and L treatments, respectively. The mean grain yield was 1.845, 
0.992, 0.764 and 0.333 ton/ha for the same treatments in sequence. Furthermore, plant 
height, leaf area index, 1000 grain weight, water use and water use efficiency for the C-
shaped micro-catchment were 123 cm, 2.9, 22.1 g, 355 mm and 5.2 kg/ha.mm, 
respectively. The C-shaped catchment was most effective in water harvesting, and thus it 
gave the highest number of plants and heads, the tallest plants, the broadest leaves, the 
largest grains and hence the highest fodder and grain yields. The yield and the water use 
efficiency of sorghum in this study are comparable to those obtained, under comparable 
conditions, in various countries in Africa.  
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INTRODUCTION 
 
Water harvesting is the collection and storage of rain water for irrigation use. The 
water harvesting systems are relatively small operations in terms of catchments, volume 
of storage and capital investment (Boers as and Ben Asher, 1982). In general, crop 
production in the arid regions is limited by low rainfall, whereas in semi-arid region it is 
mainly limited by uneven distribution of rain. This situation prompted the practice of 
runoff agriculture- where water is harvested from runoff of slopes and used for growing 
crops on low-lying arable lands- in the Middle East and North Africa since ancient times. 
Matlock and Dutt (1986) classified water harvesting according to the form of runoff into 
water spreading, diversion and micro-catchment.  The effectiveness and efficiency of 
water harvesting techniques are affected by climate, physiographic, soil and vegetation 
(Ben Asher et al., 1985). Micro-catchments harvest water from short slopes (Boers and 
Ben Asher, 1982; Shanan and Tadmor (1979). 
There are different types and shapes of micro- catchments. In Africa, sorghum, 
millet and cowpeas are sown in C- and V- shaped micro- catchments (Reij et al., 1986).  
In the Sudan, much indigenous water – harvesting techniques are practiced in different 
parts of the country, e.g., Jebel Marra area and Red Sea Hills. The local people in western 
Sudan, in general, use several techniques; namely, ‘Haffirs’, ‘Fulas’ and ‘Turdas’, beside 
many other techniques, to harvest water for agriculture and domestic use. In Southern 
Darfur, the local people grow; pearl millet, groundnut and sesame on sands, and cowpeas, 
sorghum, fruits and vegetables on clay, ‘gardud’ and valley soils using indigenous water 
harvesting techniques (Reij et al., 1986). In general, limited research work has been 
carried out on rainwater harvesting techniques for agricultural use in the Sudan. Thus, 
this research work was undertaken to investigate the impact of the C-, V- and L- shaped 
micro-catchments on the growth, yield and water efficiency of sorghum in Mershing 
village in Southern Darfur State.  
  
METERIALS AND METHODS 
  
An experiment was conducted in a site in Mershing village (24
◦
 52 ′   E. 12◦ 44′ 
N), 85 km north of Nayala town. The area is low woodland savanna with mean annual 
normal rainfall of 398 mm and temperature of 27.2 
◦
 C. In summer, the temperature may 
rise above 43
◦
C during the day and may drop to 17
◦ 
C at night, whereas in winter the 
temperature may reach 38
◦
 C during the daytime and may fall to 12
◦
C at night. 
Evaporation ranges from 6.1 mm in autumn (August) to 20.4 mm in summer (March) 
with a mean of 14.7 mm and a standard deviation of 5.1 mm/day. Traditional rain fed 
shifting cultivation is practiced in small fields within easy reach of the village. The soil of 
the experimental site is sandy clay loam over clay loam derived from an undifferentiated 
basement complex and classified as Rhodic/ Aridic Paleustalf. 
A soil profile was dug at the site, and soil clods were collected from each horizon 
for bulk density measurements. Soil sample were collected, using an auger, from four 
locations, taken at random, in the site from the following depths: 0 – 10, 10 – 20, 20 – 40, 
40 – 60, and 60 – 100 cm. These samples were air-dried, crushed, passed through 2 mm 
sieve and stored for analysis. A rain gauge was installed in the field for the measurement 
of rainfall during the two seasons. Four thermometers were installed in the soil for 
measurement of the soil temperature at the following depth: 0, 5, 10 and 30 cm, and a 
thermometer were used for measuring air temperature. A U.S Class A pan was used for 
measuring evaporation during to the two seasons. Sorghum ( Sorghum  bicolor) , variety 
Wad Ahmed, was selected for the study, because it is early maturing, high yielding  and 
can tolerate both heat and water stress. 
The experiment consisted of three types of micro-catchment (MC), L- shaped, C- 
shaped (half-moon), V- shaped and natural land as a control (N). The natural land is 
referred to as MC. The area of each treatment was 90 m
2
. The details of the construction 
of the micro-catchments are presented elsewhere (Abdalla, 2002). Each treatment was 
replicated four times in a randomized complete block design. The seeds were sown at a 
rate of 4.8 kg/ha in rows with a spacing of 75 cm between rows and 50 cm between 
plants. The seeds were sown on 14 July 2000 and 17 July2001. Three weeks after 
germination, the plants were thinned to 2-3 plants per hole. Weeding was carried out 
manually whenever needed. 
 
Soil measurements                   
The physical and chemical properties of the soil samples were determined using 
standard procedures (Chapman and Pratt 1961; Black et al., 1865). The soil clods were 
used for measuring bulk density using the paraffin wax-coated clod method. The soil 
moisture distribution with depth before sowing (April) was determined using soil samples 
collected with an auger from the middle of the experimental site. Similarly, soil moisture 
profiles were determined in each plot at harvest. The soil moisture was determined 
gravimetrically. These soil moisture profiles were determined for the two seasons. All 
soil temperature measurement was recorded at 14 hours. 
 
Crop measurements 
After germination, two rows from each treatment were selected at random and the 
germination percentage was determined. The mean height of 15 plants selected at random 
from each treatment was determined at harvest. The number of plants in each MC was 
counted fortnightly, and the plant density was calculated. At harvest, five random leaves 
were picked from five plants selected at random from each MC. The average leaf length 
(L) and width (W) were measured in centimeter and the average leaf area (A) was 
calculated by the following empirical relationship (Marshall, 1968) 
A = 0.747 × W× L 
The leaf area index (LAI) was determined by the following equation: 
LAI = (A× No. of leaves per plant × the average No. of plants in MC) / area of MC 
The crop was harvested on the second and on the sixth of November in the two 
successive seasons. At harvest, the heads of sorghum from each MC were cut and left to 
dry for 10 days. The dry heads were weighed, threshed and total grain yield and 1000- 
grain weight was calculated. The straw was cut and its fresh and dry weights were 
recorded. 
Water use 
Crop water use (WU) in millimeter was calculated by the following water balance 
equation: 
WU = P +  [
 𝑀𝑏𝑖−𝑀𝑒𝑖
100
] × 𝐵𝐷𝑖 × 𝐷𝑖 
Where:  
P = seasonal precipitation, mm; ∑ = summation from the first layer to the last one; Mbi, 
Mei = the percentage gravimetric water content in the ith layer at the beginning and end 
of the season, respectively; BDi = the bulk density in the ith layer; and Di = the depth of 
the ith layer (mm), i = 1, 2, 3….5.  
 The water use efficiency (WUE) is calculated as follows: WUE = Yield / WU 
The experiment was repeated for the second season. 
 
RESULTS 
 
The physical and chemical characteristics of the soil samples are reported in Table 
1. The mean annual rainfall data recorded by Nayala Meteorological Station show high 
fluctuations during the period 1960–1998 (Fig.1). It is evident that there is a trend of 
receiving low rainfall as time progressed. This may be an indication of vegetation 
degradation and increased desertification.  
 
First season 
The actual and the long-term (1961-1990) meteorological data during this season 
are presented in Table 2. The total rainfall was 300.5 mm, which is below the long- term 
average. The first shower occurred on 12 May and the next appreciable rainfall occurred 
on 20 June 2000 (Abdalla, 2002). There were 22 rainy days.  It is evident that the actual 
monthly pan evaporation in July, August and September was approximately four times 
the corresponding monthly rainfall.  
The average air temperature at 12 hours during this period was 36.9 
◦
C. the mean 
soil temperature at 14 hours was much higher, and it decreased from 46.2 
◦
C at the 
surface to a much lower, nearly constant, value equal to 32.2
◦
 C at 30 cm depth (Table 3). 
The mean germination percentages were 62, 57, 52 and 45 in the C, N, V and L 
treatments, respectively. The difference in germination percentage was only significant 
between the C- and L- shaped MC. The mean plant height at harvest was 90, 83, 73 and 
65 cm for C, V, N and L treatments, respectively. However, the difference between 
treatments was not significant. The mean number of plants decreased with the advance of 
the season. At harvest, the mean number of plants was 354, 265, 317, and 381 in N, L, C 
and V treatments, respectively, and the difference between treatments was not significant. 
At harvest, the mean LAI was 2.0, 1.7, 1.5 and 0.09 in treatments C, V, N and L 
respectively. 
The mean fresh fodder yield was 4.387, 2.129, 1.588 and 1.211 ton/ha for the C, 
N, V and L treatments, respectively. The mean dry fodder yield as affected by the shape 
of the micro-catchment is shown in Fig. 2. Both fodder yields, in this season, were in the 
following order C>N>V>L.  The fresh fodder yield of the C, N and V treatments were 
3.9, 1.8 and 1.3 fold that of the L treatment, whereas the dry fodder yield of the same 
treatments in sequence were 4.1 , 1.8 and 1.4 fold that of the L treatment. 
The mean number of heads produced by the plants in the C, V, N and L 
treatments were 179, 97, 93 and 63, respectively. The mean 1000-grain weights were 
21.1, 14.6, 10.3 and 9.1 g for treatments C, V, N and l, respectively. The grain yield as 
affected by the shape of the micro- catchment is shown in Fig. 3. The seasonal water used 
by sorghum grown in treatment N, C, V and L was 224, 215, 212 and 207 mm, 
respectively. However, the WUE for the same treatments in sequence were 0.460, 3.310, 
0.657 and 0.494 kg/ha.mm.  
 
Second season 
The actual meteorological data during this season are presented in Table 4. The 
total rainfall was 375.5 mm, which was below the long- term average. Most of the rains 
occurred in July, August and September. There were 27 rainy days with one dry spell at 
the end of September. The total monthly evaporation exceeded the monthly rainfall. The 
main mean air temperature was 33.7
◦
C and nearly similar to the long–term average. The 
soil temperature was much higher, and it decreased with depth from a mean of 43.4 
◦
C at 
the surface to a 29.8 
◦
C at 30 cm below (Table 3). 
The mean germination percentage was very low. The mean plant height at harvest was 
123, 119, 107 and 103 cm for C, V, N and L treatments, respectively. The plants in this 
season were taller than in the first season. However, the difference between treatments 
was not significant. In contrast to the first season, the mean number of plants was higher 
and it remained nearly constant during this season. At harvest the mean number of plants 
was 451, 484, 518, and 475 in N, L, C and V treatments, respectively. However, the 
difference between treatments was not significant. At harvest, the mean LAI was 2.9, 2.2, 
2.1 and 1.0 in treatments C, V, N, and L, respectively .however, the difference between 
treatments was not significant. 
The fodder yield in this season was higher than in the first season. The mean fresh fodder 
yield was 5.819, 3.082, 3.611 and 1.941 ton/ha for the C, N, V and L treatments, 
respectively. The mean dry fodder yield as affected by the shape of the MC is shown in 
Fig.2.  Both fodder yields, in this season, were in the following order C> V > N > L.  The 
C , V and N treatments gave 3.0, 1.9 and 1.6 fresh fodder yield times that given by the L 
treatment. The C, N and V treatments gave 2.9, 1.9 and 1.5 dry fodder yields times that 
given by the L treatment.  Although the L-shaped MC gave higher number of plants than 
the V-shaped and the control, it gave lower fodder yields than both treatments.  
The mean number of heads produced by the plants in the C, V, N and L 
treatments were 281, 223, 174 and 124, respectively. These values are higher than those 
obtained in the first season. The mean 1000-grain weights were 22.1, 17.3, 17.4 and 15.5 
g for treatments C, V, N and L, respectively. These are nearly similar to those of the first 
season. The grain yield as affected by shape of the micro-catchment is shown in Fig.3. 
The seasonal water used by sorghum grown in treatments N, C, V and L was 331, 
355,320 and 321 mm, respectively. However, the WUE for the same treatments in 
sequence was 2.305, 5.191, 3.096 and 1.037 kg/ha.mm. 
 
DISCUSSION 
 
The germination percentage ranged from 45 to 62 in the first season and from 29 
to 34 in the second season. In both season, the C treatment gave the highest values. In the 
second season, the amount and distribution of rainfall at sowing was not as favorable as 
in the first season and hence it inhibited germination. In the first season, the soil received 
26, 5, 11 and 3.5 mm on the 2
nd
, 11
th
, 14
th
 and 15
th
 July 2000, respectively ,whereas in the 
second season the soil received 28, 9 and 38 mm on the  6
th
, 16
th
 and 19
th
 July 2001, 
respectively (Abdalla, 2002). In general, the low germination percentage in both seasons 
may be attributed to the irregular distribution of rainfall, surface crusting and evaporation 
due to relatively high air and surface soil temperatures (Table 3), and the consequent low 
surface moisture status. Sandy clay loam surface soils are most susceptible to surface 
crusting (Hudson, 1987). 
The plant high ranged from 64 to 93 cm in the first season and from 103 to 123 
cm in the second season. The average weekly plant elongation rate ranged, 
approximately, between 5 and 10 cm in both season. The C-shaped micro-catchment gave 
the tallest plants in both seasons. The leaf area index at harvest ranged from 0.9 to 2 in 
the first season and from 2.0 to 2.9 in the second season. The increase in the LAI in the 
second season was 122%, 40%, 45% and29% for L, N, V and C treatments, respectively. 
The second season, because of its better amount and distribution of rainfall, gave 
markedly taller plants and broader leaves than the first season. Furthermore, the C micro-
catchment, because of its broadest and non- leaking base, was most effective in 
harvesting runoff water and thus gave the tallest plants and broadest leaves in both 
seasons. 
The fresh fodder yield ranged from 1.2 to 4.4 ton/ha in the first season and from 
1.9 to 5.8 ton/ha in the second season. The dry matter yield ranged from 0.6 to 2.6 ton/ha 
in the first season and from 1.0 to 2.9 ton/ha in the second season. The C treatment was 
superior, whereas the L treatment was the worst. It seems that the C-shaped MC enhances 
accumulation of water as it acts as a trough, whereas L-shaped MC loses water at both 
edges. The loss of plant density with time, in the first season, was due to the unfavorable 
amount and distribution of rainfall as compared to the second season. 
The grain yield ranged from 0.102 to 0.712 ton/ha in the first season and from 
0.333 to 1.845 ton/ha in the second season. The C-shaped micro-catchment gave 7.0 and 
2.4 fold that of the control in the two successive seasons, respectively. The greater fodder 
and grain yield in the second season may be attributed to favorable climatic conditions. 
The C micro-catchment was superior because of its greater efficiency in harvesting runoff 
water. Based on pre-harvest assessment, the Ministry of Agriculture and Animal 
Resources in Southern Darfur State gave estimates of sorghum yield of 0.374 and 0.274 
ton/ha for December 2000 and 2001 , respectively. The yield obtained by the C-shaped 
MC in the two successive seasons were 2 and 7 fold the corresponding assessments. In 
Niger, semi- circular bunds gave sorghum yields about 0.6 ton/ha in years of 300 mm 
rainfall (Reij et al., 1988). In Burkina Faso, sorghum yields under 300-400 mm rainfall 
were 0.330 in rock bunds and 0.180 ton/ha in flat area. Wright (1984) reported that 
sorghum yield from 33 fields managed with rock bunds was 0.972 ton/ha compared to 
0.612 ton/ha produced by the control. In Kenya, in an area where the mean annual rainfall 
was 200-300 mm, trial plots with macro- and micro-catchments produced sorghum yield 
of 2.3 and 3.4 times greater than the control. In Somalia, it was reported that in area of 
low rainfall, sorghum and maize gave average yield of 1.8 ton/ha in lowland areas with 
bunds and 1.2 ton/ha on flat areas. Van Dijk and Ahmed (1993) reported that ‘terus’-
cultivated sorghum in Kassala produced 0.25 to 0.85 ton/ha. Omer and Elamin (1996) 
reported that chisel-tilled and not tilled gardud soils in Western Sudan gave sorghum 
yields of 1.277 and 1.016 ton/ha, respectively. Thus, the sorghum yields obtained in this 
study are relatively higher than the yields obtained elsewhere in the region. 
The water of sorghum ranged between 207 and 215 mm in the first season and 
between 321 and 335 in the second season. The water use efficiency ranged from 0.5 to 
3.3 kg/ha.mm in the first season and from 1.0 to 5.2 kg/ha.mm in the second season. In 
Kenya, under low rainfall, the water use efficiency for sorghum grown in an Alfisol 
ranged between 0.7 and 2.0 kg/ha.mm (Kilewe and Ulsaker 1984). The range obtained in 
this study was much higher than these values. The C-shaped micro-catchment improved 
the soil moisture status and gave the best establishment, growth, and yield and water use 
efficiency of sorghum at Mershing in both seasons. Thus, this micro-catchment is 
recommended for the small farmers in this area and other areas of similar ecosystem. 
The results of the two successive seasons consistently shown that the C-shaped 
micro-catchment was the most effective in water harvesting, soil water conservation and 
crop growth and production. However, the statistical analysis showed that the effect was 
not significant. The lack of significance may be attributed to the low amount of rainfall in 
both seasons. In the first season, the total amount of rainfall was 300.5 mm, of which 114 
mm occurred before sowing in six erratic events. In the second season, the total rainfall 
was 378.5 mm of which 41.0 mm occurred before sowing. Sorghum requires 450-650 
mm rain for good yields. In this study, the rainfall was low and the distribution was poor, 
and consequently the variation was high and the difference was rendered insignificant in 
the statistical sense. Nevertheless, the results were consistently in favor of the half moon 
micro-catchment, which is easy to construct by farmers and appropriate for enhancing 
traditional sorghum growth at the subsistence level. 
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Table 1. The physical and chemical characteristics of the soil profile 
Depth 
(cm) 
pH OC 
(%) 
Ca CO 
(%) 
ECe 
(%) 
SAR Sand 
(%) 
Silt 
(%) 
Clay 
(%) 
Texture 
(%) 
   0 – 10 8.0 0.03 2.4 0.34 4.7 70 10 20 SCL 
 10 – 30 7.6 0.03 5.8 0.36 4.9 60 10 30 SCL 
 30 – 100 7.8 0.01 6.0 0.36 4.5 44 18 38 SL 
100 – 120 7.4 0.01 7.0 0.37 3.1 46 14 40 SC 
120 – 170 7.8 0.01 7.6 0.19 5.2 48 12 40 SC 
170 - 200 7.8 0.01 7.4 0.22 2.7 56 4 40 SC 
OC = organic carbon; ECe = electrical conductivity of the saturation extract.SAR = 
sodium adsorption ratio.SCL = sandy clay loam.SL = sandy loam, and SC = sandy clay. 
 
 
  
 
 
 
 
 
 
 
Table 2. mean meteorological data of the experimental site during the frist season (July–
November 2000) and the long–term (1961 –1990) climatologic normal data for 
Nyala Meteorogical Station 
Month Season 2000 Long – term data 
P 
(mm) 
Rainy 
days 
Ep 
(mm/ 
days) 
T 
(◦C ) 
P 
(mm) 
Ep 
(mm/ 
days) 
T 
(
◦
C ) 
RH 
(%) 
WS 
(m/s) 
March NM  NM NM    0.6 20.4 36.2 13 3.1 
April NM  NM NM    2.3 20.4 37.1 13 2.7 
May 30.0 1 NM NM  18.4 17.5 38.7 20 2.7 
June 53.0 3 NM NM  49.3 12.6 35.3 40 2.7 
July 65.5 6 8.1 33.7 119.4 7.5 33.0 61 2.7 
August 59.5 6 7.2 34.3 118.3 6.1 32.2 65 2.2 
September 44.5 4 7.1 35.5   71.1 8.0 32.8 56 2.2 
October 48.5 2 NM NM    18.9 14.1 34.4 31 2.7 
Total 300.5       
398.3 
    
P = precipitation, Ep = pan evaporation RH = relative humidity, WS = wind speed, and 
NM = not measured. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. The air and soil temperature (˚C) at different depths during the main rainy 
months in the first (2000) and the second season (2001) 
Month Air Soil depth (cm) 
0 5 10 30 
 First season 
July 33.7 46.2 37.9 36.1 31.4 
August 34.3 46.2 40.9 38.2 32.2 
September 35.5 46.1 40.6 36.8 31.0 
 Second season 
July 33.6 47.6 39.6 35.8 31.0 
August 33.9 41.6 38.9 33.8 29.3 
September 32.5 41.4 37.1 32.5 29.2 
 
 
 
 
Table 4. Mean meteorological data of the experimental site during the second 
season (July – November) 
Month  Season 2000 
P 
 (mm) 
Rainy 
 days  
Ep  
(mm/day) 
T 
( 
◦
C) 
March NM  NM NM 
April 10.0 1 NM NM 
May 11.0 2 NM NM 
June 9.0 3 NM NM 
July 94.0 6 10.0 33.6 
August 125.5 8 6.7 33.9 
September 112.0 6 7.1 32.5 
October 17.0 1 NM NM 
Total 378.5    
          Abbreviations as in Table 2. 
 
 
 Figure 2. Sorghum dry matter yield as affected by shape of micro-catchment in the two 
seasons (2000 and 2001) 
 
Figure 3. Sorghum grain yield as affected by shape of micro-catchment in the two 
seasons (2000 and 2001). 
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